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STAINLESS STEELS are iron-base al- 
loys containing at least 10.5% Cr. Few 
stainless steels contain more than 30% Cr or 
less than 50% Fe. They achieve their stain- 
less characteristics through the formation of 
an invisible and adherent chromium-rich 
oxide surface film. This oxide forms and 
heals itself in the presence of oxygen. Other 
elements added to improve particular char- 
acteristics include nickel, molybdenum, 
copper, titanium, aluminum, silicon, nio- 
bium, nitrogen, sulfur, and selenium. Car- 
bon is normally present in amounts ranging 
from less than 0.03% to over 1 .0% in certain 
martensitic grades. 

The selection of stainless steels may be 
based on corrosion resistance, fabrication 
characteristics, availability, mechanical 
properties in specific temperature ranges 
and product cost. However, corrosion re- 
sistance and mechanical properties are usu- 
ally the most important factors in selecting a 
grade for a given application. 

Original discoveries and developments in 
stainless steel technology began in England 
and Germany about 1910. The commercial 
production and use of stainless steels in the 
United States began in the 1920s, with Al- 
legheny, Armco, Carpenter, Crucible, 
Firth-Sterling, Jessop, Ludlum, Republic, 
Rustless, and U.S. Steel being among the 
early producers. 

Only modest tonnages of stainless steel 
were produced in the United States in the 
mid-1920s, but annual production has risen 
steadily since that time. Even so, tonnage has 
never exceeded about 1.5% of total produc- 
tion for the steel industry. Table 1 shows 
shipments of stainless steel over a recent 
10-year period. Production tonnages are list- 
ed only for U.S. domestic production. 
France, Italy, Japan, Sweden, the United 
Kingdom, and West Germany produce sub- 
stantial tonnages of steel, and data on produc- 
tion in these countries are also available. 
However, other free-world countries do not 
make their figures public, and production 
statistics are not available from the U.S.S.R. 
or other Communist nations, which makes it 
impossible to estimate accurately the total 
world production of stainless steel. 


The development of precipitation-harden- 
able stainless steels was spearheaded by the 
successful production of Stainless W by 
U.S. Steel in 1945. Since then, Armco, 
Allegheny-Ludlum, and Carpenter Technol- 
ogy have developed a series of precipita- 
tion-hardenable alloys. 

The problem of obtaining raw materials 
has been a real one, particularly in regard to 
nickel during the 1950s when civil wars 
raged in Africa and Asia, prime sources of 
nickel, and Cold War politics played a role 
because Eastern-bloc nations were also 
prime sources of the element. This led to 
the development of a series of alloys (AISI 
200 type) in which manganese and nitrogen 
are partially substituted for nickel. These 
stainless steels are still produced today. 

New refining techniques were adopted in 
the early 1970s that revolutionized stainless 
steel melting. Most important was the ar- 
gon-oxygen-decarburization (AOD) pro- 
cess. The AOD and related processes, with 
different gas injections or partial pressure 
systems, permitted the ready removal of 
carbon without substantial loss of chromi- 
um to the slag. Furthermore, low carbon 
contents were readily achieved in 18% Cr 
alloys when using high-carbon ferrochro- 
mium in furnace charges in place of the 
much more expensive low-carbon ferro- 
chromium. Major alloying elements could 
also be controlled more precisely, nitrogen 
became an easily controlled intentional al- 
loying element, and sulfur could be reduced 
to exceptionally low levels when desired. 
Oxygen could also be reduced to low levels 
and, when coupled with low sulfur, resulted 
in marked improvements in steel cleanli- 
ness. 

During the same period, continuous cast- 
ing grew in popularity throughout the steel 
industry, particularly in the stainless steel 
segment. The incentive for continuous cast- 
ing was primarily economic. Piping can be 
confined to the last segment to be cast such 
that yield improvements of approximately 
10% are commonly achieved. Improve- 
ments in homogeneity are also attained. 

Over the years, stainless steels have be- 
come firmly established as materials for 


cooking utensils, fasteners, cutlery, flat- 
ware, decorative architectural hardware, 
and equipment for use in chemical plants, 
dairy and food-processing plants, health 
and sanitation applications, petroleum and 
petrochemical plants, textile plants, and the 
pharmaceutical and transportation indus- 
tries. Some of these applications involve 
exposure to either elevated or cryogenic 
temperatures; austenitic stainless steels are 
well suited to either type of service. Prop- 
erties of stainless steels at elevated temper- 
atures are discussed in the section "Elevat- 
ed-Temperature Properties" of this article 
and more detailed information is available 
in the article "Elevated-Temperature Prop- 
erties of Stainless Steels" in this Volume. 
Properties at cryogenic temperatures are 
discussed in the section "Subzero-Temper- 
ature Properties" of this article. 

Modifications in composition are some- 
times made to facilitate production. For 
instance, basic compositions are altered to 
make it easier to produce stainless steel 
tubing and castings. Similar modifications 
are made for the manufacture of stainless 
steel welding electrodes; here, combina- 
tions of electrode coating and wire compo- 
sition are used to produce desired composi- 
tions in deposited weld metal. 

Classification of Stainless Steels 

Stainless steels are commonly divided 
into five groups: martensitic stainless 
steels, ferritic stainless steels, austenitic 
stainless steels, duplex (ferritic-austenitic) 
stainless steels, and precipitation-hardening 
stainless steels. 

Martensitic stainless steels are essentially 
alloys of chromium and carbon that possess 
a distorted body-centered cubic (bcc) crys- 
tal structure (martensitic) in the hardened 
condition. They are ferromagnetic, harden- 
able by heat treatments, and are generally 
resistant to corrosion only to relatively mild 
environments. Chromium content is gener- 
ally in the range of 10.5 to 18%, and carbon 
content may exceed 1.2%. The chromium 
and carbon contents are balanced to ensure 
a martensitic structure after hardening. Ex- 
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I shipments 1 annealed condition. The principal alloying 

1^. ^ 1000 tons elements are chromium and nickel, but ni- 
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their austenitic counterparts. The toughness 
of duplex stainless steels is between that of 
. . austenitic and ferritic stainless steels, 
cess carbides may be present to increase wear Precipitation-hardening stainless steels are 
resistance or to maintain cutting edges, as in chromium-nickel alloys containing precipi- 
tin case of knife blades. Elements such as tation-hardening elements such as copper, 
niobium, silicon, tungsten, and vanadium aluminum, or titanium. Precipitation-hard- 
may be ^ded to modify the tempering re- ening stainless steels may be either austen- 
sponse after hardening. Small amounts of itic or martensitic in the annealed condition 
nickel may be added to improve corrosion Those that are austenitic in the annealed 
resistance in some media and to improve condition are frequently transformable to 
toughness. Sulfur or selenium is added to martensite through conditioning heat treat- 
some grades to improve machinability. ments, sometimes with a subzero treat- 
Ferntic stainless steels are essentially ment. In most cases, these stainless steels 
chromium containing alloys with bcc crystal attain high strength by precipitation harden- 
structures. Chromium content is usually in ing of the martensitic structure, 
the range of 10.5 to 30%. Some grades may Standard Types. A list of standard types of 
contain molybdenum, silicon, aluminum, ti- stainless steels, similar to those originally 
tanmm, and niobium to confer particular published by the American Iron and Steel 
characteristics. Sulfur or selenium may be Institute (AISI), appears in Table 2. The 
added, as in the case of the austenitic criteria used to decide which types of stain- 
ff-ades to improve machinability. The fer- less steel are standard types have been 
ntic alloys are ferromagnetic. They can rather loosely defined but include tonnage 
have good ductility and formability, but produced during a specific period, availabil- 
nign-temperature strengths are relatively ity (number of producers), and composi- 
poor compared to the austenitic grades, tional limits. Specification-writing organiza- 
Toughness may be somewhat limited at low tions such as ASTM and SAE include these 
temperatures and: in heavy sections. standard types in their specifications. In 
Austenitic stainless steels have a face- referring to specific compositions, the term 
centered cubic (fee) structure. This struc- type is preferred over the term grade. Some 
ture is attained through the liberal use of specifications establish a series of grades 
austenitizing elements such as nickel, man- within a given type, which makes it possible 
ganese, and nitrogen. These steels are es- to specify properties more precisely for a 
sentially nonmagnetic in the annealed'con- given nominal composition, 
dition and can be hardened only by cold In each of the three original groups of 
working. They usually possess excellent stainless steels— austenitic, ferritic and 
cryogenic properties and good high-temper- martensitic— there is one composition that 
ature strength. Chromium content generally represents the basic, general-purpose alloy 
vanes from 16 to 26%; nickel, up to about All other compositions derive from this 
35%; and manganese, up to 15%. The 2xx basic alloy, with specific variations in corn- 
series steels contain nitrogen, 4 to 15.5% position being made to impart very specific 
Mn,andupto7%Ni.The3xrtypescoAtain properties. The so-called family relation- 

™ i e, u!l m0UntS ° f mckel and up t0 2% Mn * shi P s for these three g^ups are summarized 

Molybdenum copper, silicon, aluminum, in Fig. 1 to 3. Type 329 is a duplex stainless 

titanium, and niobium may be added to steel (about 80% ferrite, 20% austenite as 

confer certain characteristics such as halide annealed) and is listed separately in Table 2 

pitting resistance or oxidation resistance. Nonstandard Types. In addition to the 

Sulfur or selenium may be added to certain standard types, many proprietary stainless 

grades to improve machinability. steels are used for specific applications 

Duplex stainless steels have a mixed struc- Compositions of the more popular, non- 

ture of bcc femte and fee austenite. The standard stainless steels are given in Table 

exact amount of each phase is a function of 3 ; some of the nonstandard grades are iden- 

composition and heat treatment (see the tified by AISI type numbers. 


A cooperative study of ASTM and SAE 
resulted in the Unified Numbering System 
(UNS) for designation and identification of 
metals and alloys in commercial use in the 
United States. In UNS listings, stainless 
steels are identified by the letter S, followed 
by five digits. A few stainless alloys are 
classified as nickel alloys in the UNS sys- 
tem (identification letter N) because of their 
high nickel and low iron (less than 50%) 
contents. 

Use of UNS numbers and AISI standard- 
type numbers ensures that a consumer can 
obtain suitable material time after time even 
from different producers or suppliers. Nev- 
ertheless, some variation in fabrication and 
service characteristics can be expected, 
even with material obtained from a single 
producer. 

Factors in Selection 

The first and most important step toward 
successful use of a stainless steel is selec- 
tion of a type that is appropriate for the 
application. There are a large number of 
standard types that differ from one another 
in composition, corrosion resistance, phys- 
ical properties, and mechanical properties; 
selection of the optimum type for a specific 
application is the key to satisfactory perfor- 
mance at minimum total cost. 

The characteristics and properties of in- 
dividual types discussed in this article and 
elsewhere in this Volume provide some of 
the information useful in steel selection. For 
a more detailed discussion, the reader is 
referred to Design Guidelines for the Selec- 
tion and Use of Stainless Steel f published 
by the Committee of Stainless Steel Produc- 
ers and available through AISI. 

A checklist of characteristics to be con- 
sidered in selecting the proper type of stain- 
less steel for a specific application includes: 

• Corrosion resistance 

• Resistance to oxidation and sulfidation 

• Strength and ductility at ambient and 
service temperatures 

• Suitability for intended fabrication tech- 
niques 

• Suitability for intended cleaning proce- 
dures 

• Stability of properties in service 

• Toughness 

• Resistance to abrasion and erosion 

• Resistance to galling and seizing 

• Surface finish and/or reflectivity 

• Magnetic properties 

• Thermal conductivity 

• Electrical resistivity 

• Sharpness (retention of cutting edge) 

• Rigidity 

Corrosion resistance is frequently the 
most important characteristic of a stainless 
steel, but often is also the most difficult to 
assess for a specific application. General 
corrosion resistance to pure chemical solu- 
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